The Asian elephant is at risk of extinction due to anthropogenic pressures, and remaining 22 populations are often small and fragmented remnants, occupying a fraction of the species' 23 former range. Once widely distributed across China, only a maximum of 245 elephants are 24 estimated to survive across seven small populations. We assessed the Asian elephant 25 population in Nangunhe National Nature Reserve in Lincang Prefecture, China using camera 26 traps between May to July 2017, to estimate the population size and structure of this 27 genetically important population. Our results indicate that whilst detection probability was 28 low (0.31), we estimated a total population size of approximately 20 individuals, and an 29 effective density of 0.39 elephants per km 2 . Social structure indicated a strong sex ratio bias 30 towards females, with only one adult male detected within the population. Most of the 31 elephants associated as one herd but three adult females remained separate from the herd 32 throughout the trapping period. These results highlight the fragility of remnant elephant 33 2 populations such as Nangunhe and we suggest options such as a managed metapopulation 34 approach for their continued survival in China and more widely.
Social structure was determined by assigning individuals to the same group if they were 132 captured within 15 minutes of each other (Head et al., 2013) . Any residual individuals were 133 considered part of a group if they were captured with one or more of its members. Individual 134 elephants captured more than 30 minutes apart on the same camera were considered to be 135 independent capture events. 
Results

138
Camera trapping in Nangunhe NNR yielded a total of 154 images and 43 videos of elephants 139 on six of the 36 camera traps. Of which, 89 images (58%) and 37 videos (86%) were suitable 140 for elephants to be individually identified, sexed and assigned an age class. Sixteen elephants 141 were individually identified: eight adult females; one adult male; three juvenile males; two 142 infants and two new-borns, both pairs of indeterminate sex (Table S1 ). Using Chao's Mth 143 model, the total population size in the reserve was estimated to be 20 individuals, with 95% 144 confidence intervals between 17 and 33 animals. The spatially-explicit likelihood capture 145 model estimated the detection probability (g 0 ) to be 0.31 (95% CI: 0.26 -0.37 km -2 ) over the 146 trapping grid, with an elephant density of 0.39 animals km -2 (95% CI: 0.14 -0.67 animals 147 km -2 ).
149
Of the 16 elephants identified, 11 formed one herd (Table S2) , although not all members 150 were captured together on every occasion (Table S3 ). Females F04 and F06, juveniles J01 151 and J03, and calves C04 and C06 were recorded together in four capture events on camera 152 traps 2 and 3. Female F05, juvenile J02 and calf C05 were absent from one capture event.
153
Adult female F07 was captured only once in the presence of a recognized herd member 154 (juvenile male J02), although there was a 22-minute separation, and more than an hour after 155 the rest of the herd was captured on the same camera trap. An adult female (F02) was 156 captured once with her calf (C02) on camera trap 5 ( fig. 1 ). Three solitary adult females (F01,
Discussion
166
The elephant population of Nangunhe National Nature Reserve was estimated at 20 167 individuals, with an estimated density of 0.39 elephants per km 2 . This density is relatively 168 low, with densities of 3.3 elephants/km 2 estimated in Nalkeri Reserve Forest, India (Karanth 169 & Sunquist, 1992) and 5.0 elephants/km 2 in Bandipur National Park, India (Johnsingh, 1983) , 170 although densities can be <0.1 elephants/km 2 (Sukumar, 1989) . The area of suitable habitat 171 for elephants in Nangunhe covers just 29km 2 of the reserve (Liu et al., 2016) , which is less 172 than the minimum species' home range size estimated at 100 km 2 (Jathanna et al., 2015; Liu 173 et al., 2016) and potentially limits the carrying capacity of Nangunhe (Zhang et al., 2015) . The elephant population in Nangunhe has not increased for more than four decades, which 176 equates to approximately two generations (Choudhury et al., 2008) . The size of the 177 population has reportedly fluctuated around 20 individuals since 1976, with the exception of 178 a decline to 12 individuals in 1983 (Zhang et al., 2015) . Although apparently stable over this 179 period, the population remains vulnerable to accelerated inbreeding and loss of genetic 180 diversity leading to inbreeding depression and a compromised ability to respond to changing 181 environmental conditions (Frankham, 2003; 2005) . This is compounded by demographic and 182 environmental stochasticity and local catastrophes that together lead to an increased risk of 183 population extinction (Lande, 1993) . From the data collected, we determined there to be at 184 least eight adult females, although their ages and reproductive status cannot be determined 185 using our methods. There were seven young animals, at least four of which (two infants and 186 two new-borns) were assumed to be dependents. Asian elephants are known to experience 187 senescence, with reproductive success declining beyond the age of 18 years (Hayward et al., 188 2014). The age of first reproduction for females is between six and nine years and the average 189 interbirth interval is between 2.5 to four years (Sukumar, 2003) . Without further details of 190 female ages it is not possible to predict future demographic trends.
192
However, the detection of only one adult male in Nangunhe suggests a reduced effective 193 population size exacerbating the risks of inbreeding and reducing the long-term sustainability 194 of the population (Allendorf et al., 2008; Frankham, 2005) . The observed adult sex-ratio of 195 the population was female-biased (1:8). It is possible that the number of males was 196 underestimated, particularly if they range more widely than females (Sukumar, 1989) . We across China more widely (Elvin, 2006) . As a consequence, the structure of the Nangunhe 227 population, probably like many other small populations, is an artefact of human activity 228 rather than natural processes and therefore, in common with captive groups, the requisite 229 social processes required to facilitate breeding in this highly complex species may be lacking. might also influence the dispersal of females. In elephants, males typically seek mates, 236 however in African elephants, a lack of mating opportunities has also been found to increase 237 female dispersal rates (Archie et al., 2007) . We suggest that the continued existence of elephants in Nangunhe, and the six other 259 remaining populations in China, requires a wider landscape and metapopulation approach to 260 species management, which has been shown to work elsewhere (e.g. Flagstad et al., 2012) .
261
This should be conducted in concert with continued information gathering about the status of 262 these populations, perhaps taking advantage of increasingly accessible technologies. Indeed, 263 to enact a sufficiently robust and adaptive collective management approach to these 264 populations, more detailed information about social structures and relatedness will be 265 required.
266
As throughout much of Asia, rural communities surrounding NGH are dependent on 268 agriculture, potentially exacerbating conflict as seen in other areas where ranges of elephants 269 and people overlap significantly (Fernando et al., 2019) . As in China, protected areas are 270 rarely sufficient to maintain viable populations of Asian elephants (Fernando et al., 2006) , 271 making their long-term survival dependant on suitability of surrounding wildlands 272 (Leimgruber et al., 2003) and perhaps less optimal habitats (Evans et al., 2018) . Efforts to 
